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1  | INTRODUC TION
In	2007,	the	World	Health	Organization	(WHO)	issued	a	recom-
mendation	that	women	wait	at	least	24	months	after	a	livebirth	
before	 attempting	 the	 next	 pregnancy.1	 This	 recommendation	
was	 based	 on	 a	 large	 body	 of	 observational	 studies	 (published	
prior	to	2006)	showing	an	association	between	short	interpreg-
nancy	 intervals	 (see	 Table	1	 for	 definition)	 and	 adverse	 birth	
outcomes,	particularly	preterm	birth.1,2	The	applicability	of	 the	
WHO	 recommendations	 for	women	 in	 the	United	States	 is	 un-
clear,	however,	because	breast	feeding,3,4	nutrition,5,6	maternal	
age	at	first	birth,7,8	and	total	fertility	rate9,10	differ	between	the	
United	 States	 and	 the	 low-	 and	middle-	income	 countries	 upon	
which	most	of	the	evidence	reviewed	for	the	WHO	recommen-
dation	is	based.	Further,	there	are	concerns	that	the	associations	
between	 short	 interpregnancy	 intervals	 and	 adverse	 outcomes	
may	not	be	causal	but	a	result	of	confounding	by	maternal	char-
acteristics.11-14	For	 example,	women	with	 short	 interpregnancy	
intervals	are	more	likely	to	be	of	disadvantaged	socio-	economic	
position	 and	 have	 had	 an	 unintended	 pregnancy,15-17	 both	
risk	 factors	 for	 adverse	 pregnancy	 outcomes	 such	 as	 preterm	
birth.18,19
On	 14-	15	 September	 2017,	 the	 Office	 of	 Population	 Affairs	
(OPA)	 convened	 an	 expert	 work	 group	 meeting	 entitled	 “Birth 
Spacing and Adverse Pregnancy Outcomes,”	 in	 Washington,	 DC,	
with	 the	 aim	 of	 critically	 evaluating	 the	 evidence	 for	 the	 causal	
effect	of	short	interpregnancy	intervals	on	adverse	perinatal	and	
maternal	health	outcomes	in	the	United	States.	Participants	in	the	
meeting	 included	 reproductive,	 perinatal,	 paediatric,	 social,	 and	
public	 health	 epidemiologists;	 obstetrician-	gynaecologists;	 bio-
statisticians;	 and	 experts	 in	 evidence	 synthesis	 related	 to	wom-
en’s	health.	The	goals	 for	 the	meeting	were	 to:	 (a)	obtain	expert	
perspectives	on	the	extent	to	which	current	research	supports	a	
causal	 effect	 of	 short	 interpregnancy	 interval	 on	 adverse	 preg-
nancy	outcomes;	(b)	reach	a	consensus	on	good	practices	for	de-
sign,	analysis,	and	interpretation	of	observational	studies	of	short	
interpregnancy	interval	and	adverse	pregnancy	outcomes;	and	(c)	
identify	knowledge	gaps	and	 research	priorities	 for	 future	work.	
In	 this	 report,	we	summarise	 the	proceedings	of	 the	work	group	
meeting.
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Abstract
Background:	The	World	Health	Organization	(WHO)	recommends	that	women	wait	
at	least	24	months	after	a	livebirth	before	attempting	a	subsequent	pregnancy	to	re-
duce	the	risk	of	adverse	maternal,	perinatal,	and	infant	health	outcomes.	However,	
the	applicability	of	 the	WHO	recommendations	 for	women	 in	 the	United	States	 is	
unclear,	as	breast	feeding,	nutrition,	maternal	age	at	first	birth,	and	total	fertility	rate	
differs	 substantially	 between	 the	United	States	 and	 the	 low-	 and	middle-	resource	
countries	upon	which	most	of	the	evidence	is	based.
Methods:	To	 inform	guideline	development	for	birth	spacing	specific	to	women	 in	
the	United	States,	the	Office	of	Population	Affairs	(OPA)	convened	an	expert	work	
group	meeting	in	Washington,	DC,	on	14-	15	September	2017	among	reproductive,	
perinatal,	 paediatric,	 social,	 and	 public	 health	 epidemiologists;	 obstetrician-	
gynaecologists;	biostatisticians;	and	experts	in	evidence	synthesis	related	to	wom-
en’s	health.
Results:	Presentations	and	discussion	topics	included	the	methodological	quality	of	
existing	studies,	evaluation	of	 the	evidence	 for	causal	effects	of	 short	 interpreg-
nancy	intervals	on	adverse	perinatal	and	maternal	health	outcomes,	good	practices	
for	 future	 research,	 and	 identification	 of	 research	 gaps	 and	 priorities	 for	 future	
work.
Conclusions:	This	report	provides	an	overview	of	the	presentations,	discussions,	and	
conclusions	from	the	expert	work	group	meeting.
K E Y W O R D S
birth	spacing,	confounding,	contraception,	interpregnancy	interval,	maternal	health,	neonatal	
health,	preterm	birth,	study	design
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1.1 | Context
The	 association	 between	 short	 spacing	 between	 births	 and	 ad-
verse	 infant	outcomes	has	been	 recognised	 in	 the	United	States	
for	nearly	100	years.	 In	1916,	 a	Census	Bureau	 report	on	births	
occurring	 in	 Gary,	 Indiana,	 documented	 a	 higher	 rate	 of	 infant	
mortality	among	second-	and	higher	order	births	following	short	
interbirth	 intervals	 compared	with	 first-	born	 infants	 and	 infants	
born	 following	 longer	 interbirth	 intervals	 (see	Table	1	 for	defini-
tion).20	In	1945,	an	analysis	of	US	national	data	on	infant	mortality	
by	 birth	 order	 among	women	 of	 similar	maternal	 age	 suggested	
that	infant	mortality	increased	with	shorter	interbirth	intervals	at	
a	national	level.21	In	1968,	date	of	last	livebirth	was	added	to	US	
birth	 certificates	 for	 the	 purpose	 of	 examining	 health	 outcomes	
associated	with	birth	spacing.22	Consequently,	many	studies	ana-
lysing	interbirth	or	interpregnancy	intervals	on	adverse	outcomes	
since	then	have	used	state-	or	national-	level	data	collected	on	US	
birth	certificates.2,23-27
The	 associations	 found	 between	 short	 interpregnancy	 inter-
vals	 (generally	 defined	 as	 some	 interval	 less	 than	 18-	24	 months)	
and	 adverse	 outcomes	 led	 the	 American	 College	 of	Obstetricians	
and	 Gynecologists	 (ACOG)	 to	 issue	 the	 2016	 committee	 opinion, 
Optimizing Postpartum Care,	 stating	 that	 the	 optimal	 interval	 be-
tween	delivery	and	subsequent	pregnancy	is	18	months	to	5	years,	
with	the	greatest	risk	of	preterm	birth	and	low	birthweight	for	inter-
vals	<6	months.28	While	this	recommendation	was	primarily	based	
on	 studies	 conducted	 outside	 the	 United	 States,2,29	 reducing	 the	
proportion	 of	 pregnancies	 that	 occur	 within	 18	months	 of	 a	 pre-
vious	birth	has	been	identified	as	one	of	the	Healthy	People	2020	
priorities	for	the	United	States;30	and	several	states	monitor	prog-
ress	 in	 reducing	 short	 interpregnancy	 intervals	between	 livebirths	
as	part	of	 their	performance	measures	 for	 improving	maternal,	 in-
fant,	 and	 child	 health.31-33	 Further,	 the	 beneficial	 effect	 of	 using	
contraception	to	space	births	is	an	underlying	component	of	current	
practice	guidelines.	These	include	the	2014	Quality Family Planning 
Guidelines,	published	by	OPA	and	 the	Centers	 for	Disease	Control	
and	Prevention	 (CDC),34	and	the	2016	Women’s Preventive Services 
Initiative Report,	published	by	an	ACOG-	led	collaborative,	used	to	in-
form	women’s	preventive	health	care	services	recommendations.35 
Nevertheless,	there	is	no	national	recommendation	for	family	plan-
ning	service	provision,	postpartum	or	otherwise,	included	in	the	US	
Preventive	 Services	 Task	 Force	 (USPSTF)	 recommendations.	 The	
USPSTF	recommendations	play	a	central	role	in	identifying	the	pre-
ventive	 services	 that	 should	 be	 covered,	without	 cost	 sharing,	 by	
health	insurance	plans	in	the	United	States.36
1.2 | Importance of understanding the effects of 
birth spacing
Understanding	 the	 causal	 effect	 of	 short	 birth	 spacing	 on	 adverse	
pregnancy	outcomes	 is	 important	 for	 two	main	reasons:	 (a)	provid-
ing	evidence-	based	information	to	patients	to	prepare	them	to	make	
decisions	affecting	their	health	and	the	health	of	their	child	and	(b)	
informing	 allocation	of	 public	 health	 resources.	During	 health	 care	
visits	 following	 a	 livebirth,	 a	 woman	may	 seek	 information	 on	 the	
optimal	 time	 to	become	pregnant	 again	 in	 terms	of	her	health	and	
the	health	of	her	next	infant.	Sound	evidence	on	the	effects	of	birth	
spacing	will	help	women	(and	their	partners)	make	informed	decisions	
on	whether	or	not	to	use	contraception,	as	well	as	further	consider	
their	plans	for	subsequent	children.34,37	Although	universal	access	to	
contraception	is	a	shared	value	of	many	providers	and	patients	across	
the	United	States,38	access	 is	 limited	 in	certain	areas	and	for	some	
women.39-43	 A	 better	 understanding	 of	 the	 potential	 beneficial	 ef-
fects	of	reducing	short	birth	spacing	on	health	outcomes	for	women	
and	infants	could	inform	initiatives	to	improve	access	to	postpartum	
contraception.
2  | E XPERT WORK GROUP MEETING 
SCOPE
The	scope	of	the	meeting	focused	on	evaluating	the	causal	effect	
of	short	interpregnancy	intervals	on	adverse	pregnancy	outcomes	
in	the	United	States	and	other	high-	resource	countries.	Although	
long	interpregnancy	intervals,	such	as	five	or	more	years	between	
pregnancies,	have	also	been	associated	with	adverse	outcomes,	in	
the	meeting	 the	 expert	work	 group	 focused	 on	 short	 interpreg-
nancy	 intervals	 because	 they	 are	 more	 amenable	 to	 prevention	
through	 the	 provision	 of	 family	 planning	 services,	 particularly	
postpartum	 contraceptive	 services.44	 For	 the	 purposes	 of	 this	
meeting,	interpregnancy interval	was	defined	as	the	time	between	
delivery	of	a	 livebirth	and	either	the	start	of	the	next	pregnancy	
or	 the	 start	 of	 the	 next	 pregnancy	 leading	 to	 a	 livebirth,	 de-
pending	on	 the	data	 source	 (see	Table	1	 for	definitions	of	 terms	
TABLE  1 Definition	of	terms	related	to	timing	between	
pregnancies	within	a	woman
Interbirth	interval
•	 The	time	between	delivery	of	a	live	birth	and	the	next	delivery	of	
a	live	birth
•	 Also	known	as	interdelivery	interval	or	birth-to-birth	interval
Interpregnancy	interval
•	 The	time	between	delivery	of	a	live	birth	and	the	start	of	the	
subsequent	pregnancy.	In	practice,	it	is	often	defined	as	the	time	
between	delivery	of	a	live	birth	and	the	start	of	the	next	
pregnancy	leading	to	a	stillbirth	or	live	birth.
Post-	abortion	interpregnancy	interval
•	 The	time	between	a	pregnancy	ending	because	of	an	induced	
abortion	and	the	start	of	the	subsequent	pregnancy.	In	practice,	it	
is	often	defined	as	the	time	between	a	pregnancy	ending	because	
of	an	induced	abortion	and	the	start	of	the	next	pregnancy	
leading	to	a	stillbirth	or	live	birth
Post-	pregnancy	loss	interpregnancy	interval
•	 The	time	between	a	pregnancy	ending	because	of	an	uninten-
tional	pregnancy	loss	and	the	start	of	the	next	pregnancy.	In	
practice,	it	is	often	defined	as	the	time	between	a	pregnancy	
ending	because	of	an	unintended	pregnancy	loss	and	the	start	of	
the	next	pregnancy	leading	to	a	stillbirth	or	live	birth
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related	to	timing	between	pregnancies	for	an	 individual	woman).	
The	meeting	did	not	focus	on	other	types	of	birth	and	pregnancy	
intervals,45,46	such	as	 interbirth	 intervals,	postpregnancy	 loss	 in-
terpregnancy	intervals,	or	postabortion	interpregnancy	intervals.	
While	 these	 intervals	may	 also	 be	 related	 to	 adverse	 pregnancy	
outcomes,	studies	using	these	measures	were	either	methodologi-
cally	inferior	(eg	interbirth	intervals,	which	include	the	gestational	
length	of	the	subsequent	pregnancy)	or	beyond	the	scope	of	the	
meeting	 (eg	 postpregnancy	 loss	 or	 postabortion	 interpregnancy	
intervals,	which	may	have	unique	associations	with	adverse	health	
outcomes).	The	expert	work	group	was	interested	in	perinatal	and	
short-	term	maternal	health	outcomes,	 such	as	 those	 that	can	be	
identified	during	or	 after	pregnancy.	The	expert	work	group	did	
not	aim	to	evaluate	longer	term	health	outcomes	for	the	mother,	
child,	 or	 other	 family	members,	 or	 nonhealth	 outcomes	 such	 as	
economic,	social,	or	educational	outcomes.
3  | E VIDENCE PRESENTED ON SHORT 
INTERPREGNANCY INTERVAL AND 
ADVERSE PREGNANCY OUTCOMES
3.1 | Systematic reviews
A	 systematic	 review	 and	meta-	analysis	 of	 interpregnancy	 interval	
and	adverse	perinatal	outcomes2	and	a	systematic	review	of	mater-
nal	health	outcomes23	have	summarised	studies	published	between	
1966	and	 January	2006.	Results	 indicated	 that	 interpregnancy	 in-
tervals	<6	months,	6-	11	months,	and	12-	17	months	compared	with	
18-	23	months	were	associated	with	increased	risk	of	adverse	peri-
natal	outcomes,	such	as	preterm	birth	(pooled	adjusted	odds	ratios	
[aORs]	 1.40,	 1.14,	 and	 1.07,	 respectively),	 low	 birthweight	 (aORs	
1.61,	 1.14,	 and	 1.05,	 respectively),	 and	 small-	for-	gestational-	age	
birth	(aOR	1.26,	1.11,	and	1.06,	respectively).2	Interpregnancy	inter-
vals	of	some	duration	less	than	24	months	were	also	associated	with	
increased	risk	of	uterine	rupture	among	women	attempting	vaginal	
birth	 after	 a	 caesarean	 section	 and	 uteroplacental	 bleeding	 disor-
ders,	 such	a	placentae	praevia	and	abruption	 (individual	estimates	
varied,	 and	data	were	not	pooled).23	However,	 the	applicability	of	
the	 systematic	 reviews	 to	US	women	may	be	 limited	because	 the	
majority	of	studies	were	from	lower	resource	countries.	Further,	the	
reviews	only	covered	research	published	prior	to	2006.
In	preparation	for	the	expert	work	group	meeting,	the	existing	
systematic	 reviews	 were	 updated	 by	 selecting	 studies	 more	 ap-
plicable	 to	US	women	and	 identifying	newer	 studies	 (ie	published	
between	January	2006	and	May	2017).	The	new	reviews	 incorpo-
rated	more	narrow	inclusion	criteria	by	restricting	included	studies	
to	those	that	defined	short	birth	spacing	using	the	 interpregnancy	
interval	 (with	 short	 interpregnancy	 interval	 defined	 as	 some	 du-
ration	 less	 than	24	months	versus	a	well-	defined	 longer	duration),	
controlled	 for	 at	 least	maternal	 age	 (and	 socio-	economic	 position,	
for	perinatal	outcomes),	and	were	conducted	within	countries	cate-
gorised	as	“very	high”	on	the	United	Nations	Human	Development	
Index.47	 Details	 on	 the	 systematic	 review	methodology,	 including	
study	 quality	 assessment,	 and	 the	 summary	 of	 evidence	 can	 be	
found	in	other	manuscripts	 in	this	 journal	supplement.48,49	Studies	
employing	a	sibling	comparison	design,	which	compared	differences	
in	a	woman’s	 interpregnancy	 intervals	 and	birth	outcomes	using	a	
within-	woman	analysis,	were	considered	separately	from	the	studies	
employing	a	conventional	between-	women	analysis.
3.2 | Short interpregnancy interval and 
perinatal outcomes
The	 updated	 systematic	 review	 on	 short	 interpregnancy	 intervals	
and	perinatal	 outcomes	 included	21	 studies	 published	 since	2006	
and	11	studies	from	the	previous	review	that	met	our	revised	inclu-
sion	criteria.2,49	Definitions	of	short	 interpregnancy	interval	varied	
across	studies	 (eg	<3	months,	<9	months,	and	13-	24	months)	with	
most	studies	specifying	more	than	one	mutually	exclusive	short	in-
terpregnancy	 interval	 (eg	<6,	6-	11,	and	12-	17	months).	Most	stud-
ies	 (31/32)	 were	 cohort	 studies,	 and	 the	 remaining	 study	 was	 a	
case–control	study.	Results	generally	showed	modest	adverse	(aOR	
<2.00)	 or	 null	 associations	 between	 short	 interpregnancy	 interval	
and	preterm	birth,	low	birthweight,	small-	for-	gestational-	age	births,	
infant	mortality,	neonatal	intensive	care	unit	admission,	and	specific	
birth	defects.	Generally,	studies	found	the	shortest	interpregnancy	
interval	category	showed	the	strongest	association	with	the	study	
outcome.
Approximately	44%	(14	of	32)	of	studies	used	state-	level	or	na-
tional	US	birth	certificate	data	and	used	a	similar	set	of	variables	to	
adjust	for	maternal	demographic	characteristics	(maternal	age,	ed-
ucation,	maternal	race,	and	marital	status).	Most	of	the	remaining	
studies	controlled	for	similar	maternal	demographic	characteristics	
using	 other	 data	 sources;	 however,	 several	 studies,	 mostly	 from	
outside	the	United	States,	controlled	for	enhanced	socio-	economic	
information.	 One-	quarter	 of	 studies	 (8	 of	 32)	 controlled	 for	 his-
tory	of	pregnancy	resulting	 in	perinatal	death,	and	two	of	the	32	
studies	measured	pregnancy	intention.50,51	In	general,	pregnancy-	
related	variables	 included	 in	multivariable	modelling	were	factors	
measured	in	the	pregnancy	following,	not	preceding,	the	interpreg-
nancy	interval,	which	could	have	introduced	overadjustment	bias.52
Four	studies	used	a	sibling	comparison	design	to	estimate	associ-
ations	between	short	interpregnancy	interval	and	adverse	perinatal	
outcomes	among	women	with	three	or	more	births	(ie	two	or	more	
interpregnancy	intervals).	While	all	four	studies	reported	some	de-
gree	of	increased	risk	of	preterm	birth	associated	with	at	least	one	
short	interpregnancy	interval	category	in	the	conventional	between-	
women	analysis,53-56	this	association	was	attenuated	or	eliminated	in	
all	of	these	studies	after	controlling	for	between-	women	confound-
ing	by	performing	a	sibling	comparison	analysis.
3.3 | Short interpregnancy interval and 
maternal outcomes
Six	new	studies	and	one	study	from	the	previous	systematic	review23 
met	 inclusion	 criteria	 for	 the	 updated	 systematic	 review	 on	 short	
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interpregnancy	 interval	 and	 adverse	maternal	 outcomes.49 Our re-
striction	criteria	that	studies	controlled	for	at	least	maternal	age	and	
that	 they	 examined	 interpregnancy	 interval	 (rather	 than	 interbirth	
interval)	 resulted	 in	 the	exclusion	of	 at	 least	 two	 large	population-	
based	 studies	 examining	 interbirth	 intervals	 and	 adverse	 maternal	
outcomes.57,58	All	 included	 studies	were	 cohort	 studies.	 Two	 stud-
ies	reported	that	short	interpregnancy	interval	was	associated	with	
subsequent	 increased	 risk	of	obesity	 in	 the	mother,54,59 one found 
an	 increased	 risk	 of	 gestational	 diabetes	 and	 decreased	 risk	 of	
preeclampsia,54	 two	reported	 increased	risk	of	 labour	dystocia,60,61 
one	 found	a	decreased	 risk	of	 precipitous	 labour,62 and one found 
increased	 risk	of	placental	 abruption.63	A	 study	of	women	who	at-
tempted	vaginal	birth	after	caesarean	delivery	found	short	interpreg-
nancy	interval	was	associated	with	increased	risk	of	uterine	rupture.64
One	 study	examined	 the	 association	between	 short	 interpreg-
nancy	 interval	 and	maternal	 outcomes	 using	 a	 sibling	 comparison	
design.54	 In	 contrast	 to	 the	 finding	 in	 this	 study	 that	 associations	
between	short	interpregnancy	interval	and	perinatal	outcomes	were	
attenuated	 after	 a	 sibling	 analysis,	 associations	 between	 short	 in-
terpregnancy	 interval	 and	 risk	 of	 subsequent	 gestational	 diabetes	
and	prepregnancy	maternal	obesity	remained	or	became	more	pro-
nounced	in	the	sibling	analyses.	The	protective	effect	of	short	inter-
pregnancy	interval	on	risk	of	preeclampsia	also	remained.
4  | METHODOLOGIC AL LIMITATIONS OF 
STUDIES
The	 expert	 work	 group	 discussed	 the	 methodological	 limitations	
of	 existing	 studies	 on	 short	 interpregnancy	 interval	 and	 adverse	
pregnancy	outcomes,	as	well	as	important	considerations	for	future	
research.	What	follows	below	are	summaries	of	five	key	issues	iden-
tified	by	the	expert	work	group	members.	More	information	on	good	
practices	when	conducting	analyses	of	short	interpregnancy	interval	
on	adverse	pregnancy	outcomes	using	observational	 study	data	 is	
detailed	elsewhere	in	this	journal	supplement.65
4.1 | Issue 1: Residual confounding in studies 
employing conventional between- women analyses
The	expert	work	group	members	concluded	some	of	the	previously	
observed	 associations	 between	 short	 interpregnancy	 interval	 and	
adverse	 pregnancy	 outcomes	 could	 be	 attributed	 to	 confounding.	
These	confounders	include	maternal	socio-	economic	position,	peri-
natal	loss	(stillbirth	or	neonatal	death)	in	the	previous	pregnancy,	and	
pregnancy	 intention	 for	 the	 subsequent	 pregnancy.	 These	 factors	
could	lead	to	both	short	interpregnancy	intervals	and	adverse	preg-
nancy	outcomes,	as	illustrated	in	our	causal	diagram	(Figure	1).
Disadvantaged	maternal	 socio-	economic	 position	 is	 associated	
with	 both	 short	 interpregnancy	 intervals	 and	 adverse	 pregnancy	
outcomes,	 such	 as	 stillbirth,	 preterm	 birth,	 and	 low	 birthweight,	
making	 it	 a	 potential	 confounder.2,12,66,67	Women’s	 pregnancy	 in-
tentions	 prior	 to	 conception	 is	 also	 a	 potential	 confounder;16,68 
however,	measuring	intention	is	complex,	as	behaviours	such	as	con-
traception	use	do	not	align	with	 intentions,	and	 intentions	change	
over	time.69	In	addition,	women	with	prior	perinatal	death	(stillbirths	
or	neonatal	deaths)	are	likely	to	have	short	interpregnancy	interval	
before	becoming	pregnant	again,66,67	and	prior	perinatal	death	could	
reflect	an	underlying	condition	causing	adverse	outcomes	for	multi-
ple	pregnancies	across	a	woman’s	reproductive	lifespan.
Studies	 of	 short	 interpregnancy	 interval	 on	 adverse	 pregnancy	
outcomes,	particularly	perinatal	outcomes,	may	be	susceptible	to	pos-
itive	residual	confounding	if	there	is	incomplete	control	for	maternal	
socio-	economic	 position,	 pregnancy	 intention,	 and	 prior	 pregnancy	
perinatal	loss.	This	conclusion	is	supported	by	the	attenuated	effect	
on	 perinatal	 outcomes	 after	 adjusting	 for	 maternal	 demographics	
and	 socio-	economic	 position.2,49,70	 The	 expert	 work	 group	 did	 not	
reach	consensus	on	how	complete	control	of	confounding	could	be	
achieved,	but	did	agree	that	current	research	could	be	improved	by	
more	diverse	study	designs,	analyses,	and	sources	of	data.	In	addition,	
researchers	should	provide	a	clear	explanation	for	how	these	factors	
are	incorporated	in	their	analysis	and	the	quality	of	the	variables	used.
4.2 | Issue 2: Challenges inherent in sibling 
comparison design studies
The	sibling	comparison	design	provides	a	powerful	approach	to	con-
trol	for	confounding	by	all	factors,	both	observed	and	unobserved,	
that	 remain	constant	across	a	woman’s	pregnancies.	However,	 the	
design	 is	 intrinsically	 susceptible	 to	other	problems.	By	definition,	
these	 studies	 are	 limited	 to	women	with	 three	 or	more	 pregnan-
cies	(to	compare	at	least	two	interpregnancy	intervals).	It	is	unclear	
to	what	 extent	women	with	 at	 least	 two	 interpregnancy	 intervals	
are	 representative	 of	 all	 women	with	 at	 least	 one	 interpregnancy	
F IGURE  1 Causal	diagram:	simplified	
directed	acyclic	graph	showing	key	
factors	to	consider	for	analyses	of	short	
interpregnancy	interval	on	adverse	
pregnancy	outcomes
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interval.	In	other	words,	whether	the	findings	from	such	sibling	de-
signs	are	generalisable	remains	in	question.	Further,	estimates	from	
sibling	comparison	analysis	are	informed	only	by	women	who	have	
had	discordant	pregnancy	outcomes	and	discordant	interpregnancy	
intervals,	not	all	women	with	at	least	two	interpregnancy	intervals.	
This	 limits	 the	 study	 sample	 to	a	 small	 subset	of	 the	 target	popu-
lation,	 introducing	 further	 concerns	 regarding	 selection	 bias	 and	
generalisability,71,72	 which	 are	 exacerbated	 when	 exposures	 and	
outcome	are	categorised	and	even	fewer	women	provide	 informa-
tion	for	the	analysis.73	Furthermore,	the	reduced	sample	size	owing	
to	 this	 restriction	comes	at	an	expense	of	compromised	statistical	
power	to	detect	associations.	Time-	varying	confounding	factors	that	
vary	between	a	woman’s	pregnancies	 (such	as	prepregnancy	body	
mass	index	or	maternal	comorbidities)	are	not	intrinsically	controlled	
for	through	the	sibling	comparison	design	and	can	introduce	bias	if	
not	included	in	multivariable	models.74
Despite	these	concerns,	the	expert	working	group	felt	these	stud-
ies	were	valuable	in	understanding	the	causal	relationship	between	
short	 interpregnancy	 interval	 and	 adverse	 pregnancy	 outcomes	
because	 they	 fully	 controlled	 for	 between-	woman	 confounding.	
However,	findings	from	these	studies	have	limited	generalisability.
4.3 | Issue 3: Discrepancy between evidence on 
interpregnancy interval and advising patients on 
when to try for next pregnancy
Although	 interpregnancy	 interval	 can	 be	 modified,	 particularly	
through	the	use	of	effective	contraceptive	methods,	 it	 is	not	an	ex-
posure	that	can	be	directly	assigned	with	high	treatment	adherence.	
The	interpregnancy	interval	is	the	result	of	numerous	biological	and	
behavioural	 factors:	 postpartum	 return	 to	ovulation;	 underlying	 fe-
cundability	 and	 maternal	 age;	 sexual	 activity	 postpartum;	 contra-
ception	 use	 initiation,	 effectiveness	 of	method,	 and	 consistency	 of	
use;	and	intentions	and	desires	to	conceive	(Figure	2).	As	a	result,	a	
woman’s	actual	interpregnancy	interval	may	differ	from	her	intended	
interpregnancy	interval	due	to	the	interplay	of	these	factors.	If	recom-
mendations	on	birth	spacing	are	derived	directly	from	observational	
data	identifying	low-	risk	interpregnancy	intervals,	and	women	follow	
these	 recommendations,	 actual	 interpregnancy	 intervals	 will	 often	
be	longer	than	recommended	because	of	the	time	it	normally	takes	a	
couple	to	conceive.	This	could	result	in	unanticipated	adverse	effects,	
particularly	because	delaying	attempting	a	next	pregnancy	results	in	
older	maternal	age	at	pregnancy,	which	may	increase	associated	risks	
and	lead	to	decreased	fecundity,	particularly	for	older	women.75
Other	exposures,	such	as	initiation	and	duration		of	postpartum	
contraception	use	or	timing	of	unprotected	sexual	intercourse	with	
a	male	partner	following	a	birth,	may	more	closely	reflect	actionable	
behaviours	and	be	easier	for	women	to	modify.	For	these	exposures,	
interpregnancy	interval	would	function	as	a	mediator	variable	along	
the	 causal	 pathway.	While	 studies	 have	 evaluated	 pregnancy	 out-
comes	as	 a	 function	of	 the	 interval	 between	early	pregnancy	 loss	
and	start	of	trying	for	the	next	pregnancy,76	no	studies	to	our	knowl-
edge	have	evaluated	associations	as	a	function	of	interval	between	
delivery	of	a	livebirth	and	start	of	trying	for	the	next	pregnancy.
4.4 | Issue 4: Poorly defined research questions
The	choice	of	study	population,	design,	data	collection,	type	of	analy-
sis,	and	approach	for	controlling	for	confounders	all	depend	on	how	
the	 research	 question	 is	 formulated.	 Earlier	 studies	 estimated	 the	
F IGURE  2 Factors	influencing	length	of	interpregnancy	interval	between	livebirth	and	subsequent	pregnancy	with	perinatal	outcomes
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association	 between	 short	 interpregnancy	 intervals	 and	 adverse	
events	such	as	preterm	birth,	while	controlling	for	a	limited	number	of	
confounding	variables.	Some	studies	have	interpreted	observed	asso-
ciations	as	causal	ones	in	order	to	calculate	attributable	risks	and	pro-
pose	ideal	interventions,	such	as	the	counselling	provided	to	women	
postpartum.27,77	This	means	that	a	study	sometimes	addressed	three	
research	questions	simultaneously	 including	the	following:	“What	 is	
the	association?”	“What	is	the	causal	effect?”	and	“What	is	the	best	
intervention?”	 Studies	 with	 multiple,	 ill-	defined	 research	 questions	
are	usually	inadequately	designed	to	address	them	all.
4.5 | Issue 5: Consistent exposure and outcome 
definitions to improve research base
Unlike	a	dichotomous	exposure,	interpregnancy	interval	is	a	measure	
of	time	and	can	be	evaluated	in	a	variety	of	ways.	While	research-
ers	 should	 plan	 their	 analysis	 according	 to	 their	 specific	 research	
question,	 consistent	 definitions	of	 interpregnancy	 interval	 are	 es-
sential	 to	combining	study	results.	Presenting	results	using	stand-
ardised	cut-	points	and	reference	groups	for	categorical	analyses	of	
interpregnancy	intervals	and	consistent	definitions	of	commonly	ex-
amined	outcomes	would	improve	the	research	base.65	Further,	pro-
viding	a	complete	description	of	 the	 interpregnancy	 interval,	such	
as	whether	or	not	intervening	pregnancy	losses	are	included	in	the	
interval,	would	aid	in	causal	interpretation	of	the	study’s	estimates.
5  | PRIORITIES FOR FUTURE RESE ARCH
At	the	conclusion	of	the	expert	work	group	meeting,	members	discussed	
priorities	for	future	work	in	order	to	understand	the	potential	causal	
role	of	short	interpregnancy	intervals	on	adverse	pregnancy	outcomes.	
Table	2	summarises	three	areas	for	future	research:	(a)	understanding	
whether	potential	risks	associated	with	short	interpregnancy	intervals	
differ	among	specific	subgroups,	such	as	women	with	intended	preg-
nancies;	(b)	extending	the	scope	of	outcomes	to	include	more	maternal	
outcomes;	 long-	term	maternal,	child,	and	family	outcomes,	as	well	as	
nonhealth	outcomes,	such	as	educational	or	economic	attainment;	and	
(c)	employing	different	study	designs,	with	more	actionable	exposures,	
such	as	 initiation	and	duration	of	postpartum	contraception	use	and	
timing	of	unprotected	intercourse	with	male	partner.
Finally,	new	studies	examining	the	associations	of	short	interpreg-
nancy	 interval	on	previously	 studied	adverse	pregnancy	outcomes	
using	only	information	available	from	the	US	birth	certificate	are	un-
likely	to	provide	meaningful	new	insights.	A	mosaic	of	new	studies	is	
now	needed,	from	more	varied	populations	and	using	different	study	
designs	with	rigorous	attention	to	control	for	confounding	(Table	2).
6  | CONCLUSIONS
Experts	 attending	 the	 work	 group	 meeting	 Birth Spacing and 
Adverse Pregnancy Outcomes	convened	by	the	Office	of	Population	
Affairs	on	14-	15	September	2017	identified	several	key	issues	for	
the	 study	 of	 short	 interpregnancy	 intervals	 and	 adverse	 preg-
nancy	 outcomes.	More	 research	 is	 needed	 on	 how	 associations	
vary	by	maternal	demographics	and	age	and	how	short	interpreg-
nancy	 interval	 is	 associated	 with	maternal	 and	 infant	 health	 as	
well	as	 longer	 term	maternal,	 child,	and	 family	outcomes.	 In	ad-
dition,	 the	 field	would	benefit	 from	new	study	designs	 that	 can	
better	control	for	confounding,	thereby	coming	closer	to	estimat-
ing	the	causal	effect	of	short	interpregnancy	intervals	on	adverse	
pregnancy	outcomes	and	 informing	 the	development	of	US	 rec-
ommendations	on	birth	 spacing	 for	optimal	maternal	 and	 infant	
health.
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TABLE  2 Future	directions	for	research	on	short	interpregnancy	
interval	and	maternal-	child	health
Establish	whether	association	between	short	interpregnancy	
interval	and	adverse	pregnancy	outcome	differs	according	to	
maternal	characteristics 
•	 Women	of	disadvantaged	socio-economic	position
•	 Women	with	specific	medical	conditions	
•	 Women	with	adverse	pregnancy	history
•	 Older	maternal	age	(age	at	previous	livebirth)
•	 Intended	vs.	unintended	pregnancy	(subsequent	pregnancy)
Advance	understanding	of	the	independent	association	between	
short	interpregnancy	interval	and	subsequent 
•	 Perinatal	health	outcomes
•	 Maternal	health	outcomes	in	the	immediate	postpartum	period
•	 Maternal	pregnancy-related	weight	retention	and	weight	status	
at	time	of	next	pregnancy
•	 Maternal	mental	health	outcomes
•	 Longer	term	maternal,	child,	and	family	health	outcomes
•	 Longer	term	maternal,	child,	and	family	nonhealth	outcomes	(eg	
educational	attainment,	maternal	employment,	and	lifetime	
earnings)
New	study	designs	of	the	association	between	modifiable	exposures	
related	to	pregnancy	spacing	and	adverse	outcomes 
•	 Modifiable	exposures:	access	to	postpartum	family	planning	
services	and	effective	contraception,	when	women/couples	start	
trying	to	conceive	after	a	livebirth
•	 Cohort	studies,	with	robust	information	on	maternal	socio- 
economic	status,	pregnancy	loss	history,	and	pregnancy	intention
•	 Quasi-experimental	studies	examining	the	effect	of	policy,	
programme,	or	service	changes
•	 Experimental	studies,	such	as	randomised	controlled	trials	
examining	increased	access	to	postpartum	family	planning	
services	on	length	of	interpregnancy	interval	and	subsequent	
pregnancy	outcomes
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